Between 2010 and 2011, 283 clinically relevant non-duplicate anaerobic isolates were analysed by MALDI-TOF MS and the results were compared with conventional identification. Immediately after isolation, an ethanol precipitation was carried out on isolated colonies and the stabilized samples were anonymized and sent to the laboratory of Bruker Daltonik, Bremen, Germany, where the identification was done using the standard protocol for micro-organism identification on a Microflex LT mass spectrometer equipped with the MALDI Biotyper 3.0 software. Of 283 isolates, 218 (77 %) were identified at species level [log(score) ¢2.0], 31 isolates (10.95 %) were identified at genus level [log(score) 1.7-2.0] and 34 (12 %) gave non-reliable identification [log(score) ,1.7]. Out of the 31 isolates with log(score) 1.7-2.0, in the case of 24 isolates the species name given by the MALDI Biotyper was accepted if it was the same as for the classical identification. Of 218 isolates identified at species level, 40 results were discordant with phenotypic identification, and of the 31 isolates identified at genus level according to the manufacturer's score cut-off, four gave results discordant with the phenotypic method. For the 44 discordant results, 16S rRNA gene sequencing confirmed MALDI-TOF MS identification in 41 cases, leaving three isolates (0.7 %) that had been misidentified by MALDI-TOF MS.
INTRODUCTION
Anaerobic bacteria are a major component of human microflora on mucosal membranes, and several hundred different species of anaerobic micro-organisms have been identified by using classical and molecular methods. They also predominate in many infections, particularly those arising from sites adjacent to mucosae. The composition of anaerobic isolates in certain clinical syndromes depends on the site of infection, the variety of the virulence factors of some species, their ability to resist oxygenated environments, their synergy with other bacteria and resistance to certain antibiotics. Clinicians have become more aware in the last few decades of the types of infections that involve anaerobic bacteria; however, difficulty in handling specimens containing anaerobic bacteria, technical problems in isolating them in pure culture, and the time-consuming procedures needed to identify them correctly at the species level in routine clinical microbiological laboratories, still lead to many cases in which the anaerobic aetiology of an infection remains unproven. The importance of anaerobes in certain infections is further increased by the frequent failure to provide appropriate antibiotic coverage for anaerobes in mixed aerobic/anaerobic infections, due to the increase of antibiotic resistance in some anaerobic species; hence, correct and timely species identification may be a prerequisite for successful treatment (Snydman et al., 2007; Nagy et al., 2011b) .
Species identification of anaerobic bacteria by phenotypic methods is hindered by many factors. Several anaerobic species are inactive in biochemical tests; to detect preformed enzymes, a high inoculum is needed, which is difficult to obtain due to the poor growth of these bacteria on solid media. Accordingly, commercially available identification kits often fail to give unambiguous results (Citron, 2012) . Classical biochemical tests need at least 5 days of incubation in an anaerobic environment, which is not acceptable from the clinical point of view (Holdeman et al., 1977; Jousimies-Somer et al., 2002a) . Due to the widespread use of sequencing, several taxonomic changes have been made in the past few decades, together with the description of new species and genera among clinically relevant anaerobes (Jousimies-Somer & Summanen, 2002b; La Scola et al., 2011) . Commercially available identification kits have not followed all these changes; accordingly, in IP: 54.70.40.11
On: Sun, 30 Dec 2018 01:28:00 many clinical situations only the presence of anaerobic bacteria can be proven by routine laboratories, without correct species identification (Citron, 2012) .
MALDI-TOF MS is a fast and inexpensive technology for identification of bacteria in routine laboratories. The method is based on the analysis of the conserved, lowmolecular-mass ribosomal proteins, usually in the range of 2000 to 14 000 m/z. A retrospective study by Eigner et al. (2009) on more than 1000 routine isolates representing the main bacterial groups encountered in a clinical microbiology laboratory showed 95.2 % correct identification by MALDI-TOF MS, whereas Seng et al. (2009) showed that out of 1660 clinical isolates representing 109 different species, they could identify correctly only 84.1 % at the species level. Shah et al. (2002) predicted that MALDI-TOF MS would bring a new era in anaerobic microbiology. Several studies have been carried out since then, and the results of different reports demonstrate that superior identification of anaerobic bacteria can be achieved using MALDI-TOF MS for anaerobic isolates in routine laboratories (Justesen et al., 2011; La Scola et al., 2011; Veloo et al., 2011; Wybo et al., 2012) .
The aims of the present study were to investigate what proportion of the anaerobic isolates obtained from clinically relevant materials can be identified at the species or genus level by MALDI-TOF MS, whether cut-off values for species-level identification lower than those suggested by the MALDI Biotyper software can be accepted, how classical biochemical tests perform for the same isolates, and whether discrepant results can be confirmed by 16S rRNA gene sequencing.
METHODS
Isolates. The 283 anaerobic isolates analysed in this study were obtained from clinically relevant materials including blood cultures, diabetic foot infections, and intra-abdominal, pelvic and oral infections. All strains were isolated on Columbia agar base (Oxoid) supplemented with 5 % (v/v) bovine blood, haemin (1 mg ml
21
) and vitamin K 1 (5 mg ml 21 ) for 24-48 h at 37 uC in an anaerobic chamber (Bactron, Sheldon Manufacturing). Identification was carried out by different phenotypic methods such as classical biochemical tests (Jousimies-Somer et al., 2002a) and the Rapid ID 32A (ATB) system (bioMérieux). Using phenotypic methods we did not reach specieslevel identification every time. For long-term storage of the strains we used Cryobank vials (Mast Diagnostics). Bacteroides fragilis ATCC 25285 and Bacteroides thetaiotaomicron ATCC 29742 were used as control strains in the biochemical tests.
Sample preparation and MALDI-TOF MS measurement. One colony of each bacterial isolate, subcultured for 24 h, was transferred into an Eppendorf vial and carefully suspended in 300 ml doubledistilled water. Ethanol (900 ml) was added to the suspension and mixed well. At this stage, the samples were stabilized, and could be sent to the Bruker laboratory in Bremen, Germany. There, the samples were centrifuged (13 000 g, 2 min), the supernatant was removed and the pellets were dried at room temperature until dry or at least for 5 min. The bacterial pellet was resuspended in 20-50 ml formic acid (70 % in water) and the same amount of acetonitrile, depending on the pellet size. After centrifugation (2 min at 13 000 g), 1 ml of the supernatant was spotted onto a sample position of a polished steel MALDI target plate and dried at room temperature. Subsequently, 1 ml MALDI matrix [10 mg ml 21 solution of a-cyano-4-hydroxycinnamic acid (HCCA) in 50 % acetonitrile/2.5 % trifluoroacetic acid] was added to the spot and dried again. The MALDI target plate was introduced into the MALDI-TOF mass spectrometer for automated measurement and data interpretation. All samples were measured in duplicate using a Microflex LT MALDI-TOF mass spectrometer (Bruker Daltonik). Spectra were acquired in the linear, positive ion mode with a laser frequency of 60 Hz (Microflex). Parameter settings for the Microflex LT were IS1 20 kV, IS2 18.5 kV, lens 8.5 kV, PIE 250 ns, no gating.
Identification of clinical isolates. MALDI-TOF profile mass spectra were imported into the MALDI Biotyper 3.0 software and processed automatically after measurement. The software generated peak lists and compared them with each entry of the MALDI Biotyper database, at the time containing 3995 reference main spectra (MSP), which are created from multiple measurements for a single strain which are added to the database. The standard parameters of the pattern-matching algorithm were used. For the MALDI Biotyper pattern matching, a newly acquired spectrum from an unknown micro-organism was matched against each of the database entries (MSPs) of the MALDI Biotyper database. The MSPs in the database were derived from selected strains representing the respective species, containing information about the mass position, intensity and relative occurrence of the most significant peaks. In the pattern matching, a combined score for the matching of peaks from the unknown strain against the MSP, the matching of peaks from the MSP to the unknown peak list, and the correlation of intensities in the new spectrum and the MSP were calculated. The logarithm of this score [log(score)] is displayed as the matching result. The MALDI Biotyper output is a log(score) between 0 and 3.0, which is calculated from a comparison of the peak list from an unknown isolate with the reference MSP in the database. A log(score) ¢1.7 is indicative of a close relationship at the genus level, while a log(score) ¢2.0 was set as the threshold for a match at the species level. Isolates which had a log(score) ¢2.0 were accepted as a correct identification; however, if the phenotypic identification was different, sequencing was carried out. All isolates with a log(score) between 1.7 and 2.0 were sequenced to confirm species identification, except those for which the phenotypic method gave the same species-level identification.
16S rRNA gene sequencing for discrepant isolates. Sequencing from the same original ethanol extract (600 ml) was carried out. For amplification of the 16S rRNA gene fragment, the unique universal primers 16S_F (59-aaactcctacgggaggcagcag-39), and 16S_R (59-tctcacgacacgagctgacgac-39) were used. The primers were designed using Oligo_6.37 software (Molecular Biology Insights). The PCR was carried out in a reaction mixture containing 66 mM Tris/HCl (pH 9.0), 16.6 mM (NH 4 ) 2 SO 4 , 2.5 mM MgCl 2 , 250 mM of each dNTP, 1 U Taq DNA polymerase (Promega) and 10 pmol of each primer in a final volume of 10 ml using a DNA Engine Tetrad 2 thermocycler (MJ Research). The amplification products were analysed in a 2 % agarose gel. Then, 10 ml of reaction mixture containing 66 mM Tris/HCl (pH 9.0), 16.6 mM (NH 4 ) 2 SO 4 , 2.5 mM MgCl 2 , 0.5 U shrimp alkaline phosphatase (SAP; Promega) and 5 U exonuclease I (Fermentas) was added to each PCR product, and incubated at 37 uC for 30 min for dephosphorylation of the 59-end phosphate groups of deoxynucleoside triphosphates and primer elimination. Finally, the enzymes were deactivated by heating at 85 uC for 10 min.
Sequencing was done using the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction kit v. 3.1 and an ABI Prism 3100 Genetic Analyzer (Applied Biosystems; Hitachi). Sequence data for the 16S rRNA genes were compared with the GenBank database by BLAST software (http://www.ncbi.nlm.nih.gov). Homology of .98 % has been considered adequate for species identification (Song et al., 2005) .
RESULTS
Over a 2-year period, 283 randomly selected anaerobic isolates obtained from clinically relevant materials were identified by MALDI-TOF MS in collaboration with the Bruker laboratory, Bremen, Germany. The isolates were identified as blinded samples by MALDI-TOF MS. The 249 isolates which could be identified by MALDI-TOF MS belonged to 14 genera and 35 species (Tables 1 and 2 ). In the case of 218 (77 %) isolates, MALDI-TOF MS gave species-level identification with log(score) .2.0, and 31 isolates (10.95 %) were identified at the genus level according to the manufacturer's recommendation [log(score) 1.7-2.0]; however, in all but one isolate (Fusobacterium sp.), the same species name was given by the Biotyper in the place of the first and second best match (in some cases even for the third and fourth places). For five isolates (1.8 %) (two Bacteroides sp. and three Fusobacterium sp.), the MS measurement did not give a species-level identification; however, the log(score)s were between 1.988 and 2.465 (Table 1 ).
In the case of 34 isolates (12.0 %), MALDI-TOF MS measurement did not give a reliable identification result, with a log(score) of ,1.7. Of these 34 isolates only eight could be sequenced, due to an insufficient volume of ethanol extract. The sequencing data compared with the phenotypic identification of these strains can be seen in Table 3 . Table 4 shows the sequencing results for those isolates which gave discrepant species identification results between the MS [log(score ¢2.0)] and the phenotypic identification. Those isolates which had a log(score) between 1.7 and 2.0 were also sequenced, except for those where the phenotypic identification gave an identical species-level whereas the other four proved to be non-anaerobic species, one Streptococcus salivarius and three Granulicatella adiacens, all confirmed by sequencing. Of the four isolates which had a log(score) between 1.7 and 2.0 and a phenotypic identification result different from that obtained by the MALDI Biotyper, the sequencing data confirmed the MALDI-TOF MS identification in three isolates, and for one isolate with a species identification by MALDI-TOF as Clostridium baratii [log(score) 1.727] and by phenotypic identification as Clostridium fallax, the 16S rRNA gene sequencing gave the result Clostridium sp. with 99.77 % homology (Table 4) . The overall agreement between the MALDI-TOF and sequencing data, for those strains where the phenotypic identification differed, proved to be 93.2 % (41/44 strains).
Out of the Gram-negative anaerobic isolates, five of seven Bacteroides ureolyticus (according to the latest taxonomic changes Campylobacter ureolyticus) isolates gave a log(-score) between 1.750 and 1.985 and the same species identification by conventional methods (Table 1 ). The same was true for five of seven Actinomyces odontolyticus isolates which had a log(score) between 1.730 and 1.947, and for which the phenotypic identification gave the same species identification (Table 2) .
DISCUSSION
In routine anaerobic diagnostics the main drawback is the difficulty of providing a proper anaerobic environment for clinical samples which may contain several anaerobic species with different levels of aerotolerance, mixed with some aerobic species as well. Besides this, these microorganisms grow slowly, so they need a relatively long time for isolation in pure culture, which is needed for correct identification. If traditional methods are used, in some cases up to 5-7 days are needed to detect the inducible enzyme activities of some slow-growing isolates (Holdeman et al., 1977) . If recently developed identification kits are used, which detect the preformed enzymes, a very high inoculum is needed for a rapid (4-6 h) identification system (Jousimies-Somer et al., 2002a). In the case of anaerobic Gram-negative bacilli other than the B. fragilis group, the success of species-level identification varies with different taxa. According to a recent study, for instance, there was poor discrimination between Fusobacterium nucleatum and Fusobacterium necrophorum, between Porphyromonas asaccharolytica and Porphyromonas endodontalis, and between different Prevotella spp. such as Prevotella buccalis, Prevotella denticola, Prevotella loescheii, Prevotella melaninogenica and Prevotella oralis using the Rapid ID 32A system. (Downes et al., 1999) . A further drawback is that the databases for these kits based on phenotypic identification are not updated with current taxonomic changes (Lee at al., 2011; Citron, 2012) .
Since sequencing is available and is used more and more frequently even by routine laboratories, it has become evident that a great many anaerobic bacteria (20 % of Bacteroides, 36 % of Prevotella, all Veillonella, Alistipes, Bilophila) are misidentified or cannot be identified at all using phenotypic methods (Simmon et al., 2008) . Two recent studies (Lau et al., 2006; Justesen et al., 2010) looking at anaerobic blood culture isolates have revealed that a great variety of anaerobic species can be identified by 16S rRNA gene sequencing compared with different phenotypic identification kits such as Vitek ANI, RapID ANA II and API20A, which fail to identify newer species such as Bacteroides dorei, Bacteroides nordii, B. xylanisolvens, etc. MALDI-TOF MS seems to be a cheap and rapid solution for the species identification of anaerobic bacteria (Shah et al., 2002; Justesen et al., 2011; Nagy et al., 2009; Veloo et al., 2011; Wybo et al., 2012) . In the present study, among Bacteroides isolates, MALDI-TOF misidentified only two B. xylanisolvens strains as B. ovatus. This species was described in 2008 and its 16S rRNA gene sequence is most closely related to the type strains of B. ovatus (97.5 %) (Chassard et al., 2008) . B. xylanisolvens is not yet in the MALDI Biotyper (3.0 version) database, and it has to be added to increase the identification capability of MALDI-TOF MS for this species. A detailed analysis of the spectra of B. ovatus and B. xylanisolvens should be done to evaluate the possibility of differentiating between these two species by MALDI-TOF MS. This was done for Parabacteroides distasonis in our previous study (Nagy et al., 2009 ).
Altogether, 16 B. fragilis isolates gave results discrepant with respect to the phenotypic identification. From resistance surveillance it is known that species determination may be extremely important for routine laboratories in the case of Bacteroides isolates, as significant differences in resistance rates to antibiotics can be observed among the different species (Snydman et al., 2007; Phillips et al., 1992; Hedberg et al., 2003; Nagy et al., 2011b) . On the other hand, only B. fragilis isolates belonging to division II can harbour the cfiA gene, responsible for carbapenem resistance. Of the B. fragilis isolates correctly identified by MALDI-TOF, in a second run it is possible to distinguish those strains which may already be resistant to carbapenems or are candidates to develop resistance due to activation of the cfiA gene by moving insertion sequence elements during therapy (Wybo et al., 2011; Nagy et al., 2011a) . We found a number of isolates (17 Gram-positive and 14 Gram-negative isolates) which could be identified at the species level, despite the fact that the log(score)s were between 1.7 and 2.0. At least the first and second best match (in some cases even the third and fourth) gave the same species identification. In all but four cases the identification was identical with the phenotypic identification. Compared with the data published by Justesen et al. (2011) , who found that 18 of 21 Propionibacterium acnes had a log(score) .1.7 but ,2.0, all of our 16 Prop. acnes isolates were identified with log(score)s between 2.268 and 2.448 using the extraction method for sample preparation. However, we experienced the same lower log(score)s, but correct identification, for Camp. (B.) ureolyticus and A. odontolyticus (Tables 1 and 2 ). Wybo et al. (2012) recently evaluated the performance of MALDI-TOF identification for Prevotella strains, an anaerobic genus rapidly growing in number of species. By extending the commercial database of the Bruker MALDI Biotyper they were able to increase from 62.7 to 83.3 % the species-level identification of 102 Prevotella isolates. In our study, 28 Prevotella isolates belonging to four species were correctly identified by MALDI-TOF (Table 1) , and in all cases with discrepant phenotypic identification, sequencing confirmed the MS results (Table 4) . Only eight isolates could be sequenced from that group of strains, which gave unreliable identification with MALDI-TOF MS due to an insufficient volume of ethanol extract (Table 3) . Prevotella baroniae was not included in the Biotyper database at that time; however, during this study the MSP of this species was added to the database and a later isolate was identified correctly with a log(score) of 2.189 (Tables 1 and 4 ). Anaerococcus vaginalis, Camp. (B.) ureolyticus as well as Clostridium hathewayi were represented in the Biotyper database by only one or two entries, obviously not covering the natural variability of these species. F. magna also seems to be a species with diverse mass spectra ; however, during our study two other F. magna isolates were identified with .2.0 log(score)s (Table 2 ).
Despite the fact that 16S rRNA gene sequencing is considered as the 'gold standard' for identification of anaerobic bacteria, it is still not applicable in most routine laboratories and it needs considerable time to get a result. Automated whole-genome sequencing is used more for research purposes than for routine identification due to the cost and time needed to get the final result. At the present time the MALDI-TOF MS (Bruker MALDI Biotyper) in our study could identify 86.2 % of randomly selected clinical anaerobic isolates simulating a routine situation. Species-level identification by a lower log(score) than recommended by the manufacturer was also accepted and confirmed in most cases by biochemical tests or by sequencing. It has been shown by recent studies that the performance of the MALDI-TOF MS depends on many factors. The percentage of correct species-level identification can be improved by parallel measurements as well as by using the extraction method, if the first measurement, using the direct colony method, fails to give species-level identification (Justesen et al., 2011) . Some authors suggest decreasing the cut-off of the log(score) for species-level identification (Fedorko et al., 2012) or, if the MALDI-TOF gives a log(score) ,2.0, to use sequencing (Justesen et al., 2011) . During our study the database of the Biotyper (3.0 version) contained 3995 MSP of 1998 species, including 212 anaerobic species, most of them present in the most common anaerobic infections. However, if we want to use this technique in the future as a replacement for the more costly sequencing methods in routine laboratories the database needs to be optimized with more spectra for certain anaerobic genera and species, including rare or recently described species. Besides being fast and inexpensive, the advantage of MALDI-TOF MS is that rapid development and optimization of the database are possible, by adding further spectra of isolates belonging to the same species and isolated from clinical specimens, which can be achieved in local settings as well as by the manufacturer. If more and more laboratories interested in anaerobic bacteriology use the system, more knowledge will be accumulated about problematic species, which need further development.
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